Cervical lymph node in metastasis of unknown primary origin in head and neck region (HNMUO) is a heterogeneous group of malignancy involving the cervical lymph node metastases without obvious primary site despite comprehensive evaluations [1] [2] [3] [4] . Squamous cell carcinoma is the most common histology in 70% to 90% of patients diagnosed with HNMUO patients, followed by undiffer-Purpose: This study was aim to evaluate the patterns of failure according to radiotherapy (RT) target volume for cervical lymph nodes in metastases of unknown primary origin in head and neck region (HNMUO). Materials and Methods: Sixty-two patients with HNMUO between 1998 and 2016 were retrospectively reviewed. We analyzed the clinical outcomes and primary site failure depending on the radiation target volume. The target volume was classified according to whether the potential head and neck mucosal sites were included and whether the neck node was treated involved side only or bilaterally. Results: Potential mucosal site RT (mucosal RT) was done to 23 patients and 39 patients did not receive mucosal RT. Mucosal RT showed no significant effect on overall survival (OS) and locoregional recurrence (LRR). The location of primary site failure encountered during follow-up period was found to be unpredictable and 75% of patients with recurrence received successful salvage therapies. No significant differences in OS and LRR were found between patients treated to unilateral (n = 35) and bilateral neck irradiation (n = 21). Treatment of both necks resulted in significantly higher mucositis.
clude either neck dissection followed by adjuvant RT with or without chemotherapy, or primary chemotherapy/chemoradiotherapy followed by neck dissection for the management of more advanced disease [4, 7, 8, [10] [11] [12] . However, the optimal target volume for RT is controversial, with wide variations in RT of the involved neck alone and potential head and neck mucosal sites. Elective treatment of the bilateral neck is also an important issue considering the target volume to minimize the side effects.
The goal of the present study is to compare the clinical outcomes according to the target volume whether or not including potential mucosal sites and bilateral neck, and to identify the patterns of failure to suggest the optimal radiation field for HNMUO patients.
Materials and Methods

Patient population and diagnostic workup
After the approval of the Institutional Review Board of Seoul National University Hospital (No. H-1803-132-932), a retrospective review of 69 patients with HNMUO between 1998 and 2016, was performed. The patients underwent treatment with curative intent including radiation therapy. Sixty-two patients were eligible for inclusion in this study, except for patients who had metastatic carcinoma in the solely supraclavicular node (n = 6) or prior head and neck malignancy (n = 1). All patients had good performance status scored by the Eastern Cooperative Group (ECOG) performance status 0 to 2. Patients who received incomplete RT or who failed to follow-up continuously were excluded from the analyses.
All 62 patients manifested histologically proven metastatic carcinoma in cervical lymph nodes, and 56.6% of them had undergone directed biopsies from suspicious primary sites such as tonsil, nasopharynx, and the base of tongue. All the results of biopsies were reviewed by institutional pathologists.
The typical diagnostic workup of HNMUO patients consisted of clinical examination and endoscopy (i.e., nasopharyngoscopy and laryngoscopy), chest X-ray, complete blood count, liver function test, computerized tomography (CT) and/or magnetic resonance imaging (MRI) of the head and neck region. Especially, 88.7% underwent positron emission tomography-computerized tomography (PET-CT). We restaged all patients retrospectively based on the criteria of the 8th edition of the American Joint Committee on Cancer staging system.
Treatment modalities
Of all 62 patients, 42 patients underwent primary neck dissection; 30 patients with modified radical neck dissection (MRND), 8 with radical neck dissection (RND), and 4 with selective neck dissection.
All patients received RT with curative intent. The 42 patients who underwent initial neck dissection surgeries were treated with postoperative radiotherapy, and the remaining patients underwent radical RT after biopsies. Most of the patients received either intensity-modulated radiotherapy (IMRT, 50.0%) or three-dimensional conformal radiotherapy (3D-CRT, 40.3%). Since we included patients who had been treated since 1998, 9.7% of patients who received 2D-technique RT were also analyzed. Doses typically consisted of 70 Gy prescribed for gross disease, 60-63 Gy prescribed for high-risk or postoperative areas, 54-56 Gy for treatment of intermediate-risk subclinical regions, and 42-47.6 Gy to treat lower-risk areas. Twenty-three patients (37.1%) had RT to potential primary mucosal sites. Among them, 16 patients received RT to potential primary mucosa which had been biopsied during initial diagnostic work-up, even though negative result had been confirmed. The remaining 7 patients did not undergo mucosal biopsies at the time of initial diagnosis, but at the radiation oncologists' decision, 5 patients received RT to oropharynx, 1 to oropharynx and nasopharynx, and 1 to oropharynx and base of tongue. Most common site for potential primary mucosal RT was oropharynx (45.2%), followed by nasopharynx (32.3%), base of tongue (12.9%).
In terms of chemotherapy, 30.6% of patients (n = 19) were offered neoadjuvant chemotherapy before RT. The regimens of induction chemotherapy included "5-fluorouracil (5-FU) and cisplatin" (n = 7), "docetaxel and cisplatin" (n = 6), "docetaxel, cisplatin and 5-FU" (n = 3), and "paclitaxel and cisplatin" (n = 3). Half of the patients (n = 31) underwent concurrent chemotherapy during RT, and most of them were cisplatin-based regimens. Cisplatin alone was used to treat 29 patients, "5-FU, cisplatin, and cetuximab" was used in one patient each. The details of overall treatment were described in Fig. 1. 
Follow-up
After therapy, patients were monitored during the first 2 weeks after RT and every 1 to 2 months later, then every 2 to 3 months during the first year of follow-up, every 4 months during the second, and every 6 months during the third year of follow-up. The follow-up interval was increased or decreased according to the patient's clinical evaluation.
Statistical analyses
We compared the overall survival (OS), locoregional recurrence (LRR) and primary site failure depending on the radiation target volume. LRR was defined as any relapse in the ipsilateral neck node either in-field or out-field, contralateral neck node and/or head and neck mucosa. The target volume was classified according to whether the potential primary head and neck mucosal sites were included and whether the neck node was treated unilaterally or bilaterally. Analyses of the clinical outcomes of neck node RT were performed except in patients who initially presented metastatic lymph nodes in the bilateral neck. All analyses were performed using Stata/MP 15.0 (StataCorp., College Station, TX, USA) with a significance level of 0.05.
Results
Patient characteristics
The median follow-up time was 44.1 months (range, 5.5 to 149.0 months). Sixty-two patients met the inclusion criteria. The mean age of the patients was 58.1 years (range, 20 to 77 years), including 55 males and 7 females. All patients had good performance status defined by ECOG performance status score of 0 or 1, except for 1 patient. The number of patients with a history of smoking was 26 (41.9%).
The most common type of histology was squamous cell carcinoma in 83.9%, followed by poorly differentiated carcinoma in 16.1%. The N stages classified as N1, N2a, N2b, N2c, N3a, and N3b were 2, 16, 26, 6, 6, and 6 patients, respectively. Eleven patients manifested extra-nodal extensions. Among them, 1 patient was diagnosed with N2a, 3 patients were N2b, and 1 patient showed N3a disease. Besides, there was 1 patient with N3a and 5 patients were confirmed as N3b stage. Histologic staining and immunohistochemistry of neck nodes for human papillomavirus (HPV) and Epstein-Barr virus (EBV) were reviewed, but only 40.3% and 25.8% of patients were tested for HPV and EBV, respectively. Of all patients, 17.7% for HPV and 3.2% for EBV tested positive.
Forty-two patients (67.7%) underwent primary neck dissection before RT, 11 patients received RT after fine-needle aspiration (FNA) only, and 9 patients underwent either excisional (n = 7) or an incisional (n = 2) biopsies. Primary neck dissection was not performed at the clinician's discretion in patient with initial bulky disease or old age, and when the patient did not want surgery.
Most of the patients (88.7%) were exposed to PET-CT for the initial diagnoses to rule out a primary tumor site and 74.2% of patients underwent biopsy for suspected primary mucosal sites, including tonsil, tongue base and nasopharynx. The most common site for mucosal biopsy was tonsil, and biopsies at multiple sites were performed in each patient depending on the otolaryngologist's judgment. Treatments to putative head and neck mucosal sites and bilateral neck nodes depended on the radiation oncologist's discretion. Twenty-three patients were treated with RT for suspected mucosal sites even though site-directed biopsies were negative, if the clinical judgment indicated a strong suspicion.
Mucosal RT
Potential primary mucosal RT was administered to the 37.1% (n = 23) of patients whereas 62.9% (n = 39) were not exposed to mucosal RT. There was a statistical difference in the rate of neoadjuvant chemotherapy and the extent of neck node irradiation between the two treatment groups. Most patients who received mucosal RT did not undergo neoadjuvant chemotherapy (91.7%) and were treated for electively bilateral neck nodes together (73.9%) ( Table 1) .
Potential primary mucosal RT showed no significant effect on overall survival (p = 0.376). The 5-year OS rate was 61.8% in the mucosal RT (+) group and 53.9% in the mucosal RT (-) group (Fig. 2) . Also, there was no statistically significant difference in the LRR between the groups depending on the mucosal RT (p = 0.099). The 5-year LRR rate was 10.7% in mucosal RT (+) and 30.2% in mucosal RT (-) group. No differences were found in the ipsilateral infield, ipsilateral out-field failure, and contralateral failure rate between the two treatments. Though mucosal RT showed trend for lower primary site failure (p = 0.087), only 4 patients (10.3%) who were with untreated potential primary site developed subsequent mucosal head and neck carcinoma. Moreover, the location of primary site failure was found to be unpredictable, which included 1 case of nasopharynx, 1 involving oropharynx, and 2 involving oral cavities (buccal and gingiva). These primary site failures did not match the lesions predicted by biopsy and imaging etc. in the initial workup. One patient showed mucosal recurrence at the base of tongue after mucosal irradiation to nasopharynx. Among the mucosal RT (-) patients, 75% patients (n = 3) who showed recurrence as the primary site failure underwent successful salvage surgery followed by adjuvant chemotherapy. One patient who showed re- currence as systemic progression failed to undergo salvage therapy, and instead received palliative chemotherapy ( Table 2 ). In toxicity analyses, irradiation to potential primary mucosa did not result in any differences in the incidence of mucositis (p = 0.412), dermatitis (p = 0.126), unexpected hospitalization (p = 0.276) or weight loss greater than 10% (p = 0.980).
Unilateral vs. bilateral neck irradiation
After excluding initially bilateral neck diseases (n = 6), 35 patients received involved unilateral neck RT only and 21 underwent elective bilateral neck RT. There was tendency of involved unilateral neck RT for patients who had taken PET-CT at initial work-up (p = 0.017). Among the patients who received bilateral neck RT, 66.7% received potential primary mucosal RT concurrently (p = 0.001) ( Table 3) .
Compared with the unilateral neck RT, the bilateral neck RT did not improve the OS (p = 0.403). The actuarial 5-year OS rate was 55.9% in the unilateral RT and 67.9% in the bilateral RT group (Fig.  3) . Also, there was no significant difference in LRR between the two fields (p = 0.378). The 5-year LRR rate was 26.0% in the unilateral and 12.3% in the bilateral RT group. There were 2 patients with primary mucosa failure in both unilateral and bilateral neck RT groups. When analyzing the patterns of failure, there were 6 patients who showed regional relapses in the unilateral RT group. They included four patients with ipsilateral in-field failures, which resulted in recurrences in previously irradiated areas. There were 2 patients who showed ipsilateral out-field failures ( Table 2 ). Those 2 patients initially underwent cervical lymphadenopathy in the left level II and left level II/III, followed by unilateral neck RT including left level II, III, IV, Va, and Vb. After the treatment, 2 patients showed recurrence at left level Ia or Ib. Elective bilateral RT resulted in recurrences at ipsilateral in-field in 2 patients and even recurrence at the contralateral neck in 1 patient. In addition, when treated with RT for both necks, grade 2+ mucositis occurred significantly (p = 0.047).
Discussion and Conclusion
Currently, there is no consensus for the optimal treatment of HN-MUO. The present study was conducted to analyze the clinical outcomes and patterns of failure in patients with HNMUO according to the RT target volume, and suggest RT field to improve tumor control rates with minimal toxicity. According to the latest National Comprehensive Cancer Network (NCCN) guideline for the management of occult primary head and neck carcinoma, the RT field should be based on the initial tumor size, nodal station, and HPV and EBV status. However, in light of specific principles of RT, no guidelines are available whether the putative mucosa as primary site should be included even though PET-CT revealed negative, and whether only involved side of neck should be treated or not.
Despite the lack of prospective trials, multiple retrospective studies have shown conflicting results regarding the RT fields. Several previous studies showed that comprehensive RT including suspicious mucosa and bilateral neck field were beneficial in reducing the failure rates [2, 13, 14] . A recent study by Kamal et al. [4] , reported that comprehensive IMRT to both neck, oropharyngeal and nasopharyngeal mucosa resulted in statistically higher rates of OS and disease control. However, this study did not indicate the number of patients exposed to PET-CT during the initial diagnosis. Currently, it is common practice to undergo PET-CT at initial assessments, and the probability of finding an occult primary site would be 20%-25%. Therefore, it is necessary to consider when the pa- tient was treated, when PET-CT was not routinely used in the initial diagnosis. However, a few studies in the past revealed no differences in OS, relapse-free survival, and the emergence of primary site between comprehensive and limited RT fields [15] [16] [17] . A recent review article by the GEORCC (Grupo de Tumores de Cabeza y Cuello) recommended clinical target volume (CTV) in clinical practice for contouring HNMUO. First, regarding mucosal CTV, potential mucosal site RT might be possible in case of N1 with extranodal extension or N2/N3 disease. The findings suggested that patients receive mucosal irradiation on carefully considering HPV/p16 and EBV status. As for the nodal CTV, patients diagnosed as N1-N2A and pN2B with ≥ 2 affected lymph nodes (LNs) could be treated with involved neck RT alone. However, elective bilateral neck RT would be beneficial in the case of N2B with > 2 positive LNs or N2C-N3 patients. However, no consensus has been set regarding the optimal RT for HNMUO [12] .
In the present study, we analyzed the results of clinical outcomes involving HNMUO patients classified according to whether the RT field included the potential primary mucosa or involved neck RT only (vs. elective bilateral neck RT). In comparison with other published studies, a high proportion (88.7%) of patients underwent PET-CT during the initial staging. Our study found that potential primary mucosal RT and bilateral neck irradiation yielded no clinical benefits in OS and LRR. Based on the analysis of patterns of failure, the location of subsequent primary failure was unpredictable. Even after bilateral neck RT, 2 patients showed recurrence at the ipsilateral in-field area and another patient showed contralateral in-field failure. Two patients treated with involved neck RT only showed recurrence in the ipsilateral out-field area. Two patients who initially manifested lymphadenopathy at left level II and II/III received unilateral RT to left level II-V, and showed recurrence at left Ia/Ib. Even elective bilateral neck RT showed significantly greater mucositis. Based on these results, omission of mucosal RT and bilateral neck irradiation might be an option to maintain treatment efficacy while minimizing RT-related toxicities. Because salvage therapies could be effectively performed except systemic progression, limiting the extent of RT may be helpful in the salvage surgery at the time of recurrence. On the other hand, it was noteworthy that when mucosal RT was not performed, the 5-year LRR was 30.2%, which was higher than 10.7% of receiving mucosal RT. Although it was not statistically significant and the location of subsequent mucosal primary was also unpredictable, validation in the study with a larger number of patients would be necessary.
This study had several limitations. It had inherent weak points due to the retrospective nature of the study. The number of analyzed patients was insufficient to confirm the results. In addition, it was not clear how the radiation oncologist treated HNMUO pa- [4, 8, 9] , the lack of data regarding the viral tests might be major limitation in interpreting the results. It was also found that 5-year LRR in this study was rather higher (10.7% vs. 5.8%) compared to other study by Wang et al. [18] published in recent year. Nevertheless, the results obtained from this study might be meaningful in the actual clinical setting, where the incidence of HNMUO is very rare and the treatment guidelines are scarce. To date, no clear treatment consensus is available, and therefore, physicians may have different judgment criteria for optimal therapies even in the same institution. In particular, opinions on RT field, such as treating potential primary mucosa or involved neck only, can vary among radiation oncologists. Since the criteria for treating HNMUO were different among individual radiation oncologists even in a single institution, it was difficult to establish the rules for RT fields. However, just as the prevalence of disease is very low, the lack of a standard of care is also an inevitable problem of HNMUO itself. The absence of HPV/EBV staining in many patients was a major flaw of this paper. This was unavoidable because the patients were distributed over a long period of 18 years from 1998 to 2016, and the viral staining for HPV/EBV has only recently been done routinely. In addition, the reason why the LRR of this study was higher than that of Wang et al. [18] was that the initial N2/3 stage was 95.2% in our study, but only 49.4% in Wang's paper. Despite several inevitable shortcomings, the advantage of this study was high rates of PET-CT were taken at the time of initial evaluation. The high percentage of PET-CT indicated the accuracy of the diagnosis, and it could be assumed that the initial PET-CT had largely eliminated the probability of finding a hidden primary site.
In conclusion, we found that there were no benefits in OS and LRR for patients diagnosed with HNMUO when treating head and neck mucosal sites and bilateral neck nodes in the radiation target filed. The primary site failure was hard to predict and salvage therapy was successfully performed in case of subsequent mucosal carcinoma.
